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Abstract

The textile industry is the second largest industry in Egypt and is important in the economy of the world. Medical
textiles are the largest and fastest growing in the industry of textiles. Many compounds used in this field and new
coloured compounds applied in the colouration of wool textile and as anti-microbial agents. The compounds with
pyrimidine systems have different biological properties, pharmaceutical applications, medical and coloured
materials used in different textile materials. The effect of thiopirido-pyrimidine derivatives on the colouring of
wool and used as antimicrobials was examined. The colour fastness of the coloured wool fabrics and resistance to
washing, Scanning Electron Microscopy (SEM) and radar chart diagram were also determined. The coloured wool
has obtained as a good antimicrobial activity against (Staphylococcus aureus), (Escherichia coli), (Candida
albicans) and Musor miehei compared to uncolored wool. The impact of the new colour materials used as a
finishing agent on both the shrinkage % and the recovery by moisture was investigated. The effects of the new
coloured properties on wool fabrics and certain functional properties were identified and characterized. The
products used as effective antimicrobial agents and will application in future works for textiles. Key Words: Wool
fabric, Pyrimidine derivatives, Radar chart, Antimicrobial activity
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1. Introduction antimicrobial activity for textiles, with an emphasis

The textile is good media for growth of
microorganisms such as pathogenic bacteria, where
the fabric is worn effect to the skin microbes cause
cross infection by pathogens. In addition, the staining
and loss of the performance properties of textile
substrates are the results of microbial attack. In the
recent years, several researches focused on finishing
textiles with antimicrobial agents. Demand for
multifunctional fabrics with UV protection, anti-
microbial properties, good moisture management,
resistance and other comfort properties is increasing
for the fabric is used for the basic function of human
body coverage [1]. The microbial growth of textile
materials has been seen as a major cause of
biodegradation and requires the development of

on developing durable and powerful antimicrobial
finishing technologies and applications [2].
Improvement of the antibacterial activity and UPF
protection on wool fabrics and polyamide fabrics
with nano-silica treatment was reported [3].
Modification wool fabrics with anisotropic silver
nanoparticles exhibited the modified wool brilliant
colours due to the localized surface plasma on
resonance properties of AgNPs. The treatment of
wool fabrics indicated an antimicrobial activity
against both Staphylococcus aureus and Escherichia
coli bacteria [4].

Pyrimidines which contain  heterocyclic
compounds are an important class of compounds in
medicinal chemistry and pharmaceutical
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applications. The importance of the pyrimidine class
as antimicrobial agents along with clinical
applications to facilitate the development of more
potent pyrimidine compounds, as well as a more
effective antimicrobial agents used in therapeutic
applications warm water, then cold water and leave
to air dry.

2.3. Dyeing

The solution of the dyeing bath was prepared by
pasted the required amount of the new coloured
materials using shade (2% (of weight of fabrics.) and
then dissolving it by adding hot water. To adjust the
pH of the dyeing bath solution to 4- 4.5, with use
citric acid, then heated to 850,C and added the wool
fabrics for 1 hr., at liquor ratio 1:100. The dyed fabric
was washed thoroughly with tap water and then use
air-dried. [5].

The other advantageous property of these
compounds is their utility as coloured materials and
dyes. In addition, the classes of chemical compounds
containing pyrimidines have been used as
antibacterial activity of textiles [6]. The effect of the
pyrimidine derivatives such as aminothioxopyrido
pyrimidine derivatives as new coloured materials on
various types of textiles was studied. The dyed wool
fabrics with new colored materials are enhanced as
well as dyed wool fabric with excellent ultraviolet
protection [7]. The thiazolidine derivative was
prepared and used as a novel colorant as well as
antibacterial agent [8, 9]. Pyrimidine derivatives are
important class applied in medicinal chemistry,
pharmaceutical applications, biological activities and
industrial of textiles [10-13]. The aim of the present
work investigates the effect of new coloured
materials, which are prepared as antibacterial
finishing agent and its durability are determined. The
color strength (k/s) of wool fabrics was determined
in addition to moisture regain and surface
morphology. This work will be applied in future
work in textiles due to their good biological activity.

2. Materials and Methods
2.1. New coloured material and reagents
New coloured materials were prepared as

shown in the article (Bassyouni et al 2020) [7] The
new coloured materials are Oxo-4-thioxopyrido [2,3-
d]pyrimidine-carbonitrile derivative and
Thioxopyrido [2,3-d] pyrimidine derivative.
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2.2. Fabrics

The wool fabrics used in this research was
purchased from Misr for Spinning and Weaving Co.,
El Mehalla EI Kobra, Egypt. The wool fabrics are
washed for 30 min at 30 -C in a 2% nonionic
detergent, which based on weight of fabric, fabric:
liquor ratio, 1:50. The washed fabrics are rinsed with

3. Measurements

3.1. Calorimetric measurements
The spectrophotometer was used to determine

the colourimetric analysis of the dyed fabrics. (Ultra-
Scan Pro, Hunter Lab, USA) at 10° C observed with
D65 illuminate, d/2 which is viewing geometry and
measuring surface area of 2 mm. All measurements
were the appropriate wavelength (Amax). The value
of the colour strength (K/S) has been evaluated by
applying the specified method identified [15].

3.2. Fastness Properties

According to ISO standard methods fastness
properties of the dyed samples were determined. The
test ISO 105-C06 (2010) used to measure the colour
fastness to washing; and ISO 105-E04:2013, to
measure the colour fastness to perspiration (both acid
and alkaline medium); and ISO 105-B02 (2014),
colour fastness to light and rubbing (AATCC
method) [14].

3.3. Moisture Regain %

Measurements of moisture regain of the
coloured wool fabrics performed according to the
standard ASTM method 2654—76. Moisture regain of
the coloured wool fabrics calculated according to the
following equation:

Moisture regain %

- MW 100 1
= W x e (D)

1

W1 shows the weight of sample (gm) after saturation
in the standard humidity atmosphere.
W; shows the constant weight (gm) of dry sample.

3.4. Electron Microscopy (SEM)
The surface morphology structure of undyed

wool fabrics and the dyed wool fabrics was
investigated by FE-SEM Quanta FEG 250. All
samples were tested without pre-gold sputtering. 3.5.
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Infrared Spectra (FTIR) The Infrared spectrum was
tested on FT-IR Nicolet 5DX Spectrophotometer.
The all samples (undyed and dyed wool fabrics) were
examined as 1.5% KBr pellets.

3.6. UV-Protection
The UPF of undyed and dyed wool fabrics (size

3 cmx 3 cm) was determined in the Center Lab of the
Industrial Textile Institute. The test carried out
according to the Australian/New Zealand standard
(AS/NZS 4366-1996) using UV-Shimadzu 3101 PC
spectrophotometer at wavelength between 280 to 390
nm, which includes the UVB (280 to 320 nm) and the
UVA (290 to 400 nm). UPF test was measured
according to (ASTM-D6603).

4. Biological activity: Antimicrobial activity assay
Antimicrobial activity has been measured to

determine the efficacy of the new colored material on
uncoloured and coloured wool fabrics to reduce
bacterial effect. The biological tests for both
antibacterial and antifungal activities were carried
out in the Microbial Chemistry Department, National
Research Centre, by measuring the optical density
(OD) at 600 nm. The method can be described as
follows: The bacterial cultures maintained on
nutrient agar slants were aseptically inoculated into 5
ml of sterile nutrient broth. The undyed and dyed
wool fabrics were thoroughly shacked and then
incubated at 37 oC for 24 h. This was designated as
the working stock that was used for antibacterial
studies. 5 ml of nutrient broth medium was taken in
different test tubes and autoclaved. Each tube was
inoculated with 100 IL of bacterial suspension and a
disc of the tested specimen then incubated at 37 oC
for 24hs. The growth of the selected bacteria was
detected by optical density (OD) at 600 nm. The
antimicrobial activity of the tested compounds was
examined with gram positive bacteria, Bacillus
cereus, staphylococcus aureus ATCC 6538, and
gram-negative bacteria Escherichia coli NRRN 3008,
pseudomonas aeruginosa ATCC 10145 and fungus
Candida albicans EMCC105 [[16-24]. The obtained
results were compared with the reference antibiotic
Cephradine that was purchased from Egyptian
markets

5. Results and Discussion
5.1. The new colored materials

0The description of the prepared new coloured
materials illustrated in (Table 1). In this work, the
prepared compounds containing  pyrimidine
derivatives are proved interesting for their
potentiality as new coloring materials, which used as
dyes for dyeing wool fabrics (Bassyouni et al 2020).
The new coloured compounds containing several
functional groups such as NH, group amino group,
CHjs group methyl group, NH group, NH; group ,
Sulpher group, C=S, CN group, and C=0 group.
We report here the synthesis of pyrimidine
derivatives using a mixture of aryledine derivatives,
2-thioxo-dihydropyrimidine-4, 6 (1H,5H) dione and
4-aminoantipyrine and/ or rhodanine derivative as
starting materials as multicomponent reaction
system (Bassyouni et al 2020) [7]. The description of
the new coloured materials P1 and P2 are shown in
table 1.

Table 1: The new coloured materials P1 and P2

New coloured Specification of new coloured
material compound  material

P1 Ox0-4-thioxopyrido[2,3-d]pyrimidine-
6-carbonitrile derivative
P2 Thioxathiazolidine pyrido[2,3-

d]pyrimidine derivative

Physical chemical properties of compound P1
and 3D structure property

Amino-(4-cyanophenyl)-hexahydro-(2, 3-
dihydro-dimethyl-3-oxo-phenyl-1H-pyrazolyl)-oxo-
thioxopyrido[2,3-d]pyrimidine-6-carbonitrile
derivative
CosH20NgO2S: Mol. Wt.: 508.554, (28.1%), 510.139
(4.5%), 510.150 (3.8%), 509.140 (3.0%), 511.142
(1.3%), C, 61.41; H, 3.96; N, 22.03; O, 6.29; S, 6.31.
Log P: 1.16
MR: 140.71 [cm®/mol]

Henry's Law constant: 2.43
CLogP: 1.00962
CMR: 14.39
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Physical chemical properties of compound P2 and

3D structure property
CN

7-amino-5-(4-cyanophenyl)-1, 2, 3, 4, 5, 8-
hexahydro-2-o0xo-(4-oxo-2-thioxothiazolidinyl)-4-
thioxopyrido[2,3-d]pyrimidine-6-carbonitrile

Ci1sH11N702S3 , Mol. Wht.: 453.521 , m/e: 453.014
(100.0%), 454.017 (19.5%), 455.009 (13.6%),
456.013 (2.7%), 454.011 (2.6%), 454.013 (2.4%),
455.020 (1.8%)

C,47.67;H, 2.44; N, 21.62; O, 7.06; S, 21.21

Henry's Law: 2.43

CLogP: 1.085
CMR: 12.334

5.2. Colour strength, Shrinkage % and Moisture
regain %

The colour strength, shrinkage % and moisture
regain % of undyed and dyed woolen fabrics with
new coloured materials in Table 2. The colour of the
wool from both new colored materials (P1 and P2)
has been colou red orange with P1 and yellow with
P2. The new P1 colour materials have significant
color strength than P2. It was also found that the
colouring led to a slight reduction in shrinkage of
dyed wool fabrics with new coloured materials (P1
and P2) than uncoloured wool fabrics. This can be
attributed to found ionic bond between the new
coloured material and wool, this combination has led
to a reduction in the percentage of shrinkage. The
value of moisture regain % increased after dyeing
wool fabrics with both new coloured materials (P1
and P2) especially with dyeing by P1. The moisture

Table 3: Fastness properties of coloured wool fabrics

value regain % growth increased after dyeing the
wool fabric with both new coloured materials (P1
and P2), especially when coloured by P1. The
shrinkage results of % of uncoloured and coloured
wool fabrics with new coloured materials (P1 and
P2) indicate that % shrinkage has decreased than
uncoloured, which may result from the formation a
bond between the new dye molecule and the wool
(Table 2).

Table 2: Shrinkage % and Moisture regain % of
dyed and undyed wool fabrics

Wool K/S Shrinka Mmstgr Picture of
Fabric value ge % e regain coloured
% wool fabrics
Undyed 101 5.16 10.1
i 29.18 5.06 10.51
P2
6.2 5.02 10.22

5.3. Fastness properties

The data of the fastness properties such as
washing, perspiration, rubbing and light of coloured
wool fabrics with the coloured materials P1 and P2
have shown in (Table 3). The alteration of the
washing fastness of coloured fabrics shown some
changed when using both P1 than P2. However, the
value of the anti-staining for both white wool and
polyamide fabrics which used gave good value when
dyeing with the new coloured materials P1 and P2.
These results clarify that the coloured materials have
good fastness. The values of the perspiration fastness
for the both coloured materials shown that good and
excellent values (4 and 4-5) exist in alkaline and acid
conditions overall. As well as the rubbing fastness,
clarify very well and excellent for the new dyes (P1
and P2) respectively, in dry as well as wet conditions.
The light values are good for both the dyed materials.
The light fastness incorporated highest values 6 for
P1 and 7, respectively (Table 3).

Washing fastness Perspiration fastness Rubbing fastness Light
Sample fastness
Cod. Alt | Stw Sty Acidic Alkaline
Alt | st | At | st | PV | Wet
P1 3-4 4 4 |45 |45 |45 4-5 | 4-5 4-5 6
P2 4 3-4 34 |45 |45 |4 4 3-4 3-4 7

Alt.: Colour alteration, Stw: Staining of wool fabrics, Stp: Staining of polyamide fabrics

Egypt. J. Chem. 65, No. SI:13 (2022)
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5.4. Surface morphology

Changes of the of wool surface morphology
fabric after dyed with new coloured materials (P1
and P2) were investigated using SEM represented in
figure 1, (Uncoloured, P1 and P2). The Scanning
Electron Microscopy analysis of surface morphology
shows al little changes that occur on the surface of
wool fabric due to dyeing with both materials (P1 and
P2). The new coloured materials (P1 and P2) may be
linked with wool fabric by ionic link as accepted with
FTIR results.

50um 1000x

Un-coloured

Figure 1: SEM of the un-coloured and coloured
wool fabrics P1 and P2
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5.5. Fourier Transform Infrared Spectroscopy

Figure 2 shows the Fourier Transform Infrared
Spectroscopy (FTIR) of uncoloured wool fabrics and
coloured wool fabrics with both P1 and P2. The
FTIR spectral analysis was performed at region from
4000 to 400 cm™* performed. FTIR data of P2 reveals
the appearance of the broad peak for OH and NH
groups from 3638.17 cm™ to 3132.96 cm™. In the
spectrum of the coloured wool fabrics with new
coloured P2 shows that absorption peak at 3441 cm-
Lconfirm the presence of (OH) corresponding to the
broad intermolecular hydrogen bonded (OH)
between amino groups of new coloured material and
carboxyl groups .

100
90

80
X
|°_70

60

50

40

4000 3500 3000 2500 2000 1500 1000 500
Wave nhumber Cm-1

Figure 2: Fourier Transform Infrared Spectroscopy
(FTIR) of uncoloured wool fabrics and coloured
wool fabrics

5.6. Antimicrobial activity

The microbial growth of textile materials has
been seen as a major cause of biodegradation and
requires the development of antimicrobial activity
for textiles, with an emphasis on developing durable
and powerful antimicrobial finishing technologies
and applications.

Table 4 shows the effect of new coloured
material in antimicrobial activity of undyed and dyed
wool fabrics with both P1 and P2. The wool fabric
were tested against both gram  positive
(Staphylococcus aureus), gram negative
(Escherichia coli), Pathogen yeast (Candida
albicans) in addition to two fungal strains and Mucor
miehei. The obtained results revealed that sample P1
has the ability to inhibit all the tested microbial
groups with good results. excellent resistance for E.
coli and excellent durability [106].
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Table 4: Antimicrobial activity of wool dyed with P1 and P2 coloured materials

. Reduction in optical Density at 600 nm (%)
Microorganism Gram S_taln Com dN
Reaction pound No
P1 P2
Staphylococcus aureus Positive 60 47
Escherichia coli Negative 85 10
Candida albicans Yeast 90 95
Clear zone (mm)
Mucor miehei Fungi 50 | 10

Table 5: Antimicrobial activity of wool dyed with P1 and P2 after washing

Microorganism Gram Stain Reduction in optical Density at 600 nm (%)
Reaction Compound No
P1 P2
Staphylococcus aureus Positive 45 58
Escherichia coli Negative 85 35
Candida albicans Yeast 71 64
Mucor miehei Fungi 30 46

Table 5 revealed the results of antimicrobial
activity dyed wool fabrics with both P1 and P2 after
washing cycles. The dyed wool fabric were washed
five washes and were tested again against both gram
positive (Staphylococcus aureus), gram negative
(Escherichia coli), Pathogen yeast (Candida
albicans ) as well as fungal strains and Mucor
miehei. It found that the dyed fabrics with P1 is very
good activity against all the bacterial and fungal and
well than the dyed fabrics with P2. These results
indicated the P1 is more stable and more effective as
dye on the fabrics than the P2 on fabrics.

5.7. Ultraviolet protection

Table 6 shows the UPF rating for wool patterns
uncoloured and coloured with new coloured
materials P1 and P2. The new coloured materials led
to a significant increase UV protection compared to
an undyed one. The results indicate that the dyeing
with P2 coloured material has very excellent
protection 50+ which the highest value compared
with the coloured material P1 has excellent
protection 40+. The resistance of the dyed fabrics to
ultraviolet radiation with that new coloured material
P2 acts as a photo protective substance and it
improves dyed wool fabric absorbance (more than
98.0%).
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5.8. Radar chart

The radar chart diagram for uncolored wool and
colored woolen fabrics with P1 and P2 (new colored
materials) as shown in (Fig. 3). It has been observed
that the radar diagram area of coloured wool from P1
is the best, followed by coloured wool fabric with the
radar graph area P2. This can be attributed to the
effect of the chemical structure of new colored
materials as good colouring agents.

Sample cod UPF
Untreated 30
dyed with P1 44

UPF category
Very good protection
Excellent protection
Very Excellent
protection

dyed with P2 55

Radar chart

Untreated wool
Sta pqw ococc

us...

100
80 Escherichia
. [
Shrinkage % 60 coli(G-ve)
40
Moisture /0—/‘ _Candida

regain % albicans...

/

Fig. 3: Radar chart of uncoloured wool fabrics and
coloured wool fabrics

UPF Mucor miehei
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Conclusion

The textile industry is increasingly examining
strategies for applications in the textiles. For this
reason we applied new materials dyed for wool was
obtained with light fastness properties as new dyes.
An excellent fastness property was found and can be
applied in the future textile industry.

It has been found that:

1- A novel pyrimidine derivatives were
synthesized by using Thioxathiazolidine
pyrido[2,3-d]pyrimidine  derivatives  as
starting new dye materials.

2-  The results shows that the wool fabrics was
dyed with high shade of orange colour and
yellow colour as good new coloured materials
(P1 and P2), respectively.

3- The new coloured material P1 has best colour
strength value and best fastness properties
than the new coloured material P2.

4-  The results indicated that both new-coloured
material P1 and P2 increased antimicrobial
activity for wool fabrics the significant
activity with follows Escherichia coli,
Candida albicans, (Staphylococcus aureus),
and Mucor miehei.

5- SEM shows the new coloured material P1 and
P2 mead adhesions on wool fabrics.

6- After the fifth washing cycle, dyed wool
fabrics still have good antimicrobial activity
and increases with dyeing of fabrics.

7- The application of the new coloured materials
to providing them for antimicrobial activity,
which applied in multifunctional textile with
improved the properties is expected in the
near future work and applications in textiles
industry.

8- The colour fastness properties are ranged
from very good to excellent in cases of fabric
structures by new colour materials.
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